nesia, rigidity, and tremor. These symptoms arise from complex dysfunctional rearrangements occurring in neural circuits responsible for motor activity that relay in the striatum. Pathological hyperactivity is also known to occur in the two major output regions of the striatum, ). These observations and the fact that cortical stimulation would require a less invasive stereo-A concept in Parkinson's disease postulates that motor cortex may pattern abnormal rhythmic activities in tactic approach with no intraparenchymal implantation prompted us to investigate whether direct functional the basal ganglia, underlying the genesis of observed motor symptoms. We conducted a preclinical study of circuit interference in the motor cortex would achieve therapeutic efficacy in a nonhuman primate model of PD. electrical interference in the primary motor cortex using a chronic MPTP primate model in which dopamine depletion was progressive and regularly documented Results using 18 F-DOPA positron tomography. High-frequency motor cortex stimulation significantly reduced akineThe Nonhuman Primate Model of PD sia and bradykinesia. This behavioral benefit was asAs previously described (Poyot et al., 2001), the 52 week sociated with an increased metabolic activity in the long 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) supplementary motor area as assessed with 18-Ftreatment induced in all baboons a progressive worsendeoxyglucose PET, a normalization of mean firing rate ing of parkinsonian symptoms including a decrease of in the internal globus pallidus (GPi) and the subthamovement initiation (akinesia) and a decrease of movelamic nucleus (STN), and a reduction of synchronized ment velocities (bradykinesia) when the stimulator was oscillatory neuronal activities in these two structures. kept in the "OFF" position ( Figures 1A-1C 
). These observations and the fact that cortical stimulation would require a less invasive stereo-A concept in Parkinson's disease postulates that motor cortex may pattern abnormal rhythmic activities in tactic approach with no intraparenchymal implantation prompted us to investigate whether direct functional the basal ganglia, underlying the genesis of observed motor symptoms. We conducted a preclinical study of circuit interference in the motor cortex would achieve therapeutic efficacy in a nonhuman primate model of PD. electrical interference in the primary motor cortex using a chronic MPTP primate model in which dopamine depletion was progressive and regularly documented Results using 18 F-DOPA positron tomography. High-frequency motor cortex stimulation significantly reduced akineThe Nonhuman Primate Model of PD sia and bradykinesia. This behavioral benefit was asAs previously described (Poyot et al., 2001 ), the 52 week sociated with an increased metabolic activity in the long 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) supplementary motor area as assessed with 18-Ftreatment induced in all baboons a progressive worsendeoxyglucose PET, a normalization of mean firing rate ing of parkinsonian symptoms including a decrease of in the internal globus pallidus (GPi) and the subthamovement initiation (akinesia) and a decrease of movelamic nucleus (STN), and a reduction of synchronized ment velocities (bradykinesia) when the stimulator was oscillatory neuronal activities in these two structures. kept in the "OFF" position ( Figures 1A-1C ). This gradual Motor cortex stimulation is a simple and safe procemotor impairment was associated with a progressive dure to modulate subthalamo-pallido-cortical loop bilateral decrease in Figures 5C and 5D) . Also, MCS's effects on STN firing rate were reversible, as abnormal firing rate reappeared MPTP-treated animals displayed a prominent loss of tyrosine hydroxylase immunoreactivity (TH-ir) in both in the same neurons within 3-5 min post-MCS ( Figure  4C and Figure 5A ). In marked contrast with these obserstriatum and substantia nigra pars compacta ( Figure  1G ). Searching for possible deleterious effects of chronic vations in parkinsonian baboons, MCS had no effect on the discharge rate of either GPi (35. Striatal dopaminergic function was assessed using 18 F-DOPA as described elsewhere (Poyot et al., 2001) .
MCS's Effects on Control and MPTP STN Neurons (A) Mean firing rate of STN neurons ipsilateral to MCS recorded in controls (black bars) and in MPTP animals before MCS (PRE, orange bars), during 1 min MCS (PER, brown bars), and after MCS (POST, orange bars). As compared to control STN neurons, an increased firing frequency was observed in STN neurons of MPTP animals. One minute MCS (PER) restored normal firing rate in MPTP STN
18 F-DOPA (3.5 Ϯ 0.2 mCi) posture (0-2) were rated (maximal score, 24). Number of walking initiation and climbing behavior were also quantified during the 30 was administered over 30 s, and 90 min three-dimensional dynamic emission scan started. Regions of interest (ROI) were placed on min time period. Walking initiation was counted when animal initiated a displacement of at least three steps after at least 4 s of the putamen and cerebellum. Cerebellar activity was used as a nonspecific input function to generate maps of the uptake rate conimmobilization. A climbing behavior was counted when animal climbed up or down or moved along the wall after at least 4 s stant (Ki) using the modified graphical method (Patlak and Blasberg, 1985) . Striatal ROIs were transferred to the functional maps, and of immobilization.
Video-based motion tracking and analyzing system (Ethovision, the Ki values were evaluated as the ROI means for each structure. MCS impact on cerebral metabolism was measured with PET Noldus, Wageningen, the Netherlands) allowed objective measurement of TDM and MV during 30 min period. TDM measured akinesia, scans using FDG as a tracer. Two FDG PET scans on 2 separate days were performed OFF and ON stimulation with the same parameters and MV reflected bradykinesia (Hantraye et al., 1996) . The ON/OFF TDM ratio was measured for each video sequence to quantify the employed for the behavioral study. A 60 min emission scan con-sisting of 28 frames was obtained following intravenous injection of This procedure did not completely eliminate artifacts but considerably reduced their duration and amplitude and lengthened the period 4.5 Ϯ 0.2 mCi of FDG. Images of each subject were summed, realigned to the first volume, and normalized to blood flow PET temduring which neuronal activity could be discriminated. Because small residual artifacts remained detectable, the entire subtracted plate, and all voxels within the brain were examined using statistical parametric mapping (SPM99; Wellcome Department of Cognitive trace was visually and carefully inspected for spike detection. In addition, because spike detection was effective only in the period Neurology, London, UK). Significant changes in regional cerebral FDG uptake were identified by comparing images obtained in the free of residual artifact, and because this "blind period" occurred regularly and not randomly, we build auto-and cross-correlograms two conditions (OFF and ON) on a voxel-by-voxel basis with t statistics. Comparisons were specified by the use of two categorical only after the stimulation period. contrasts ("OFF-ON" and "ON-OFF"). These analyses generated SPM {t} maps and subsequent SPM {Z} maps, where clusters of Histology voxels that had a peak Z score of Ͼ6.31 (threshold p Ͻ 0.05, uncorAnimals were transcardially perfused with 4% paraformaldehyde, rected for multiple comparison) were considered to show significant and their brains were processed for immunohistochemistry as deactivation and appear colored on SPM maps. 
